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Effect of Various Additives on Sintering of AUnniniiin Nitride 


Kalsuioshi KOMEYA, Hiroshi INOUE and Akiliiko TSUGE 

/Tr.shiha Research and Development Center, Toshiba Corp.\ 
VKonuikai, Saiwai-ku, Kawasaki-siii 2!0 / 


Effects of thirty nciclitives on sintering AIN were investigated. The addition of alkali earth 
oxides and rare earth oxides gave fully densificd aluminum nitride. This is due to the 
formation of nitrogen-containing aluminatc liquid in the sy.stem aluminum nitride-alkali earth 
oxides or rare earth oxides. Microstructural studies of the sintered specimens with the 
above two types of additives suggested that the densifieation was due to the liquid phase 
sintering. Additions of silicon compounds resulted in poor densifieation by the formation 
of highly refractory compounds such as AIN polytypes. [Received September 30, 1980] 
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(AIN) li'y 

MiBM, isfl'dlfe, ii'YY]fe':if/i±T-!l‘.rJ 2 :''Jlt 
igfbi^‘pr-llT?hk"!i©rf;;'.'!lj 3 >jT-S>- 5 //s Tw? 
t MS LT * S: b/S 
AIN 

T EliiilEV'”-'. CAST-AIN- 

T;i-5n.>A (Al) 

h 7 Vx'’ ” feoV'iiVlilEfitJi"’” Atifl-ii 

E^'L'^ftfblc^Tikii'Iciiia.'iljfi/)') i; E T li, 

(Ni) Ni fbMfs’Tmfi 

$ f VT V' 4- V' . L i)^ I, iS ljil1ji;cr):y;:|[ k |h] E 

T-ev ;5 ttOr-lJtfcV'L, 'raji[b,omr^V< 0 'X%]-^-^h';W^i 
{'ff'MciSv'. 

p L/i AlNcom,';;.iraToWiaS:!f?iS;c-C, 
Hfifji E-c. 30 {iK'ryKrl AIN (oh'iHHcJk 


Efc t ErC-fo5;- 

2.1 

il5!51:!C{l;/f]Efc AlN ^ 1 , 2 

Efjtt- -vu (N) ^>rri 4 rMi?y>st'pfp® 


Table 1. Properties of AIN powder. 


rarticle slzex 0 

8 y 

llitrogen content: 

30.3 wt» 

Metallic impurities, pprai 

Si 

2100 

Fe 

300 

Mn 

30 

Mg 

30 

Cu 

10 

Ca 

30 

Ti 

30 

V 

30 
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Taltio 2. a{i^liIi^a■s for AIN sintorinir. 


/ii7iic J;’ iJ , AIN VXU 

S.S/m (0 ]ii ^ i: y i y ^ CilSrT/i^ 

hIcMi, L'C J75ii$ 

0.8//m N 

O 30.3 wt?o laffljMiii'c 34.2 Vhi> r 2: x. 

i:' N Ciwwn.gii. fc)5W(c*-5- Him 

a-T;w5-t (AlA) ®iKA 
AIN t 2 — A-tWixiticJ;* N ©0t 

ii? (O) J,tN i,Ht(W>irn:^J;?.2: 3.8 wt?^ Xh-ytz. 

2 \c7j<i-x 21 n, 

ifeK 1 ff(. f;^s/JI^'feyll;i■^:f^-r'2v 5 \vi?o t 

t ■/■;. C t, (Olc:ov^ 

Xll. 

rii=fk^'K523 ? *3, rii‘ it ij ■> !> A 
^ (CaO), mt'' ') '> J' (RaO), mibx yv> > -f- .> A 
(SiO), rntr-yX/^ (NiO) (;!;V'-ffi.i;.Jifi;f«i5:|‘t'fll 
Ufc(0-c, I'ii-fb-lfA L-Cl;liilJ|-!M; O'XcV'. 

2.2 ;32fBSr;i«S 

AIN .3 \vi2o Il-JiUjIilvf/lifr , '<•■; i'll 2.30 cc « 

H:ii;3iii 3o« tisum, 3>i;mtL.T »- 


7'2 2 -/l-ftJ20cc AljlU, ;JA-;k2 1 |i'j|;il 

-ot:.. A < >2'-- U'C 

7- ry y .3 \vi2o S’ Jjilx, 5i/cm^ 

fi'tfa )11^''C 8 iniiv,/ X2.3 min i/3 

L/i. I'f liitiif fil) 0< >3' 13 2) '4' A 3Vi,'[c ' 1 ' -lOO'C 
(■-/)ii 2 !iLT !;h:/; l /; o t,, aIn 

-oificAfL, AIX 
rjcTALit. oAt 

1S00‘C, 30>> 
<& W'ftgfjo 

lii'l/ii i: S: t=f -3 A. li v -Y 2 o 2 — 2 — : ' i 
o --iit-nHilil t A/ !- J: >3 irt iA b iXHi t, 

‘liili>:ii7.^^'y 17mm, 2 07 , 1-7 t"— jr 0.5 
mm/min to 3 ,',V,illiN')J;i; . 1 ; o X -.i; (■32c. 

. £<>> 

(Au) 7 1- y 

7 AT' 2' LfcIji Au yK.fTLTr^tvtt/fjfa 

^ omik n 

otC. 

3 . ■ 

AIN iiiSKll)()c<0:l!K2i(f;Wi:ii5r3i 3 iftali: 

AlNoia A4c'>r,vox AIN -M 

y 2 A T'*’ 7o N fS)i ,'2 f^-CV 1 6 . r'ii-m <0 oh, 
l'|i('nl.t''1'|iti'1/3/>'-7.'i'S -1' (AIjO,) AIN tlXlL' 
L-Cfli))it,t2c r:AI,0. 2 : liiiatO (AIN),(MA)> 7 t'A 
'&rni AIN-T y ii CSiO:) ;fc lb A' 5 
27R-A1N ;)?y 7 A 7 ’r-for 3 **. fiTK AIN mfmptHfe 
$i'('i:ixoVN-cii, 'ISfcC«i'<3 U/T'i 2 t 2 c^ 2 ft!fe 2 ;^.HtA 

3.1 


Table 3. Typical properties of sintered AIN 
(sintered at 1800°C for 30 min in N,) . 


Absolute density ■ (g/cc) 

2. 68 

Relative density (1) 

82.3 

Fle.'cural strength 

25. S 

rhases present 

A3n’, Al.’J poly type. Spinel 


....... ..T- *'-'rv “ »■ 

r.ic restructure 

f'. ■-' .’'a ■■' •'..' 

, 10 u , 

. •' ' * ■ ' . '1 

• aTr'-U’f-rr.'VlifM -^>. 

- • ■ 


*• HT' AIN ;)• y V .< 7' i ri:f i , . 


:.l; ( r r ,• .1 ; 

Cfi.i r.«c t c r i IS 1 ir 1 

S 1 / p p 1 i « r 

3 N 

0. 8 0/1 

Sho'»‘* Drnko 

Si,N, 

1. 4 ~ /t 

Starrk 

TiN 

0 . 2 S // 

» 

Zr>i 

0. 7 0/1 

Ccr ac 

lUU 

- i 3 2 5 

K 

TiOi 

R/i a E c n 1 

Ta ki‘f!a Kar.! ku 

ZfOz 

R/-.I j;r'i I , .S(;rrijl j;i .-w!*- 

Kuio K.iRAku 


T'A/^Oj contrni. 6 S « l (fc 

B.i i k owr. k i 

Mi;0 

S’, c tu . Spcc»-<1 uiade 

K.i ri t o K .1 Ra kti 

SiOj 

Pti r i i y . ‘j ” b y •? 

N i r c hi tu Kojjv o 

C r lO j 

Rc:!j:«:ui, Spcci.il C»’*'»dc 

Tak c d.i K.i jr.ik II 

.MnOi 

Rc .1 g c.n 1 

K.i n 1 0 K.t R.iku 

Sji~ S i 1 i c \ u 

rii'.v;c:M(Aj:.,.Oi. SSiO,) 

Yonny.ima Yakiihin 

Me -S i 1 i c y « c 

He .'I >: vru (.'•tt: :S» jOj . .'i(UO) 

§ 

NiCOa 

Ri- 3^tn\ 

Wako Junyaku 

CaCOj 

Re.'i ;:c n 1 ,. Spec ».•■♦ t R i .ide 

» 

S r COj 

n 1 , Special Rfadc 

Kantn KaRaku 

BaCOj 

R c A c f n 1 , > 9 8 '6 

Kn*'0 Kar.iKm 

YjOj 

Pu r i ly . 9 9.0 . 2-0/i 

Shinctsu KaR^iku 

La jO ] 

Pu r i t y . 9 9.9 ^6 , 3.6 G/< 

a 

CeOj 

Purity. 9 9. 9 <l . 0. 6 6 /i 

a 

Pro, 

Pji r I «y . 9 0.0'i, 1.4 Z/t 

a 

NM jOj 

Purity. 9 9.9^fc . 1.2 7 /I 

a 

Sf'i 2 0 j 

Purity. 9 9.9CS.I.18/1 

a- 

Qd ,Oj 

Purity. 9 9.9 0. 9 3/1 

a 

By jO, 

Pur i t y . 9 9.9 i 6 . O.fi 3 /i 

a 

SiC 

6'H 1 y pe . 0, 9 5 /i 

Show a Denko 

ZrC 

“ 3 2 S 

Cef *e 

TiC 

- ♦ 3 2 S 

. Mi t s uwa K.ig aku 

Ni 

6-0 /I 

(-'iikuita Ktiiroku 
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y< 4 ; : if 

(L% tA') (V'A -Y’I). a) 

a i;U-; / -i:-'J-:Uci'i,0 <y n. -- •/ 1 1) , (3)- 

VIII) (T) 3 WK 

3:1.1 yjc-y I 

' .\IX ‘Oy^;^ULirm-’rl-6 iplJlij'Jt L-C, 

(BN). ft; '/■•(;<•:• (Si,Nj, vr (M«0), 

A’ (.siO:), '/ Y ;i;- (SiQ, yzfuiL -' > (MhO;), 

(Mg).;, ,) ,y_- 1, _ Al- > y 
Cil A«i:l;yjl!.t'?)V /II V' /i'iyif/^'C'll, 'AUli' 
AIN -ijiatir,] ui:.i~jy(i^) i;n-e, fiiy/iftiivii ain ij/yico 
S 2 «J \zlt'<x CO-SO.^, i: * 9, Dfil/E (iit i 

20kg/innr' . ' Vi I X- .t k , jMHitli Si^N,, 

BN AIN, AIN y •? .f VlDliTl'lIClcRtt- 

CO BN, SijN. i.fe/):i^i?9j:/m"(ki'/il/;)'l-^(> 

'*1-'. M.«0, SiO„ Mg- 


•>')•>•-- I-, AI--> y y- lAXi/jiicfk. AIN, AIN rKy 
-u/'o.) 1.1. ,0 .|.-. j :.-j' .1; ').» iii//-inr.i: :? /i a: . ,-k ac sic 

i.ri/JilwAi-h'W.l: AIN At y ,o Y V( aIN lilt f|h 

co-.u-'aifll, MnOj XcN- 1 :1" y * Y Vl-t Ac < , AIN /Tl t 
;i.VYa'V!. a-;-;- v|,.Bi:;i)tA:. 

AIN cof;,-,v;/tSrKilI:-/-oA:8yi.:i.l:, -,(|'il.: AIN iriX 
:/j|l1 -5 k cO III j I ' f..I b Aa lO R ),;- S: .'I m A L i.Y <3 ir A' X h 
'j o. LA'L..h;ii!i.fsAll1'jcojiioAAiRii:AXt(:TV'^ (> 
Li 'li -L A'A-R h-V. WI';'; L Ai. ' H 

DtftAA .MN iliiJ-VyAYhvL < l,t. RiiJ: 9 
A', AIN tco?!lfiit;tA';EA'-pAcCiR.i|IHLTV'5i; 
!S-hhZ. ^.'flc AIN ;i-:y SiO, co^f /£ 

zconi{-t,:^iizf/.^ 9 RIA31L < f£i>:ik 
a, i^lc-iYyyYVoKEMi&Xcn.^i-^tcoT-'tfoS. 
3.1.2 yjc~y u 

AIN coAAvHtNKL-C I0lf J.'-'i-;cAcV'i.rs/jll1/9i LX 
t±. 'KltV/'V (TIN), (ZrN), ^ 

ft/. 7 y i. (MfN) , mty 'J -y cno,) rr 

=. ■> A (ZrO.), AIA, n^ft; A' .b A 
(Cr;0,), (NiCO,), 

v' yu 3 ^ i> A (ZiC) , lAfky- y >- (TIC) , 
Ni mnii^ <0 

co-i'ii;5;[a I !->T<t. AVUco^miM^ 
Ni y.is/jnr-14e3~/.9cfi 
fe, TIN, ZrN, llfN, TiO:, Zi-0„ ZrC, 
TIC coJii&lililfi'iil, NiCO, -Cli/M/a 
& (St' ti&HJi.Lfz. Lfi-L 
(0^12, 3il!i2(iiri4V'i=/it AIN )i(5i!><o- 
ni (i k I.;j -C 80?d nd i & , 20-30 kg/mm* 
XP>-ot. X JfAiriHTr Ic i (BlJi-tolS* 
14. i?(3!i(<i;i!t'1>-Cbi?SLAii tlcigat 
TiOj, ZrO,. TiC, ZrC, NiCO„ Ni 
Jfr r- 1 4 1' ' -JT 1 1 (k!i!9 &/):.!* L Ac . ^ Ac 
NiCOj, Cr.O, Srliln-'Ac n<D y i\^—y<D 
-\--<x<nTux, SiO, ic 

X£, AIN -AOJ '/ y y’<0 (rtEfii%S-tk>hix 
Ac. UilC, llfN, TiO„ Cr,0„ NiCO„ Ni 
-C'14 7 lc-.t.;HVJniA‘ R )i£ $ iy, fj'lc 
■A1,0, ).(il]i}xii, lihcoili^i-lclt^XJ: 9 
^[,[cOA I:•y^/^®i^lA■,i^^()F,4^Ac. .pgi 
(C.t/U:i:i!S!ffti^t4, AIN 

l|'. i:llnlUi)icOWtJ,'i(l-cO 'cH k WillT UT V' i 
//., AIN At y -y £ yV/.'CAi'iit Acv'Cr.O,, 
NICO, iTljirei.i niy)t:!i:M:i.m/i'-niKx 
»> 9 . fill k Vi Ac ?, MlA| (k i \- 1 Ac . AI.O, 
i.fi/jll 'C- n, .cAIN i- V Al,0,-.(AIN)x 
AAI.O,) ,. I) /,./c 9<A) ;< i;'t 

/i-lllc'O'l-J.V.A/Mil'i; .ili o/i-Ac. ;KAc Ni X’ 


Treble 4. -Soino pro]ioriios of .\!N wiili various aciclllivcs 
silcrocl al TSOO'C for .'lO i-in in N, aliro.sphcre. 


Op Piip 

A<fd i f i VC s 
, Tivi t ■? c r|i 

fpr A <»N ^ 

A>'f 0 t u t c 
•lens 1 ly 
Cz-^'cc) 

n.:l.. t ive 
<1 c n ^ i 1 y 
(•i) 

F f cf u f a 1 
s t f f 0 K * >* 

(klV^Pin*) 

Phase* pfc»cf>t 


B N 

2 4 3 

77.3 

I 1.4 

A£S. X. BN 


Si,N. 

2.3-.1 

7 1.3 

1 0 7 

A/tN. X. Si,N, 


.'IcO 

2 :* 0, 

0 7.2 

I 6 ) 

A7?.N'. X, inikftown 


SiO- 

: 1 (5 

6 0 8 

t 4.4 

A/N. X, ofifcno»»ti 


MnOj 

2 5 3 

7 5 6 

1 5 0 

A VS, S|» i nc 1 


S i C 

2 6 

0 0 1 

1 1.0 

Ays* 


A s i i c .11 <• 

2.3 2 

7 7.7 

I 4 1 

A ^N. X, ••'•‘‘nv'vti 


1 1 i c .It e 

2.2« 

7 5.4 

I I 

A I^N. X,"r>^«ou-n 


Ti N 

2-7 7 

« 2.2 

) 5 5 

A /'S, X. TiN 


ZrN 

2.8 S 

8 2.3 

2 1.2 

A^N. X. Z»N 


MfN 

2.9 9 

7 9. 1 

2 4.9 

A^’- X. MfN- Spinel ' 


TiO, 

2.6 3 

7 9.4 

283 

A/'S. X. TiN. Spine 1 


ZrO, 

2.6 1 

8 3.2 

I 7.9 

Ai'N. X. ZrN* Spinel 



2.7 I 

8 2 1 

2 0 0 

A^N. X» Spinel 

0 

-• 

Cr oOj 

2.7 8 

8 2.8 

. 2 4 5 

A.^K» Spinel 


NiCO, 

2.8 8 

8 7.3 

I 5.7 

A /N. NijN. Spinel 


Z^ c. 

2.7 7 

8 0.8 

1 9 t» 

A/N. X. Z«N 


TiC 

2.7 0 

8 0.8 

1 9.1 

A/N. X. TiN 


N i 

2.8 2 

7 9.7 

1 7.6 

AfT^. X. Ni ,N. Spine 1 


CaCO, 

3.2 2 

9 8.0 

3 4.7 

A/i.N.CaO- 2AJ',0,. 


SrCO, 

3.1 5 

9 5.0 

3 2 1 

C..O'A^yO, 

A /^N. «nl.no»vn 


B aCO, 

3.2 8 

9 7.5 

2 HI 

A77n. naO*A/jO,. BaO* 


Y,0, 

3.2 7 

9 7.6 

2 5.8 

0A/*;O, 

A/?i'v Vj A/^jO ,j. Sp i nc 1 e 


r 

0 

3.3 5 

9 8 0 

4 6 6 

Af/i I.ii.A/'Oj. tmlcHOivn 

III 

n 

0 

3 3 5 

9 6 8 

4 3 6 

AF^i Ci-AfOj* unknown 


r»n, 

3. 3 3 

9 7.0 

3 6 2 

A47n PtA^Oj. unknown 


NMO, 

.3 3 8 

9 7.8 

4 2 4 

A/7i KelAf’O,. Unknown' 


.Sm,0, 

3 3 7 

9 7.2, • 

5 2.4 

A./N, SmArt), 


0.1 nO J 

3 :i 2 

9 5 8 

3 9 7 

AiT'.*. M-IAiVIj. 1oI,A/*vO,j 


Ify jOj 

;i . { 4 

9 f. 3 

2 4 9 

A#^’» MvjA/^Op. niik'i>r>ii 


X Z/ll AIM iw>!yLyj»<; 



'<1 I <V' 


;'i 'I.; 




i J 


) 


t: 

i 

i'V 
[ > 


I 


I 

! I 


'fiC* 




Li 


,J i 


ft L. ; <U 


’r -.0 .. 


! 

r 

r 

i. 


I, 


1 


■ O . 


- f 


1 


Fid. I- 

(sinictvd 


t I., u. 

Microslructurcs <if sinierofi -AliX* wiih 5 \vl^/ various .adriitivcs 
al l^OOC fur .'iO min in N;» ■ polislic’d) . 


Ni t Al.\ dJi3£iiV,A'- fl'>c/jA'i.K;)j|ll5j'CvJr<5 C t //-, 

Tronlclj lA” ( ' t ri -C’JU m- $-! l 'C l 'C , .1 

U& 1 - U-.X 

3 . 1.3 III 

i U'C S It 'C 'I' -> '> -i' 

(Caco,). (i 5 aCO,), i- 1 . 

CSiCO,), ['i4fk-i' •> I- 'J '>A (VA), ftHk -7 >" y 
a.aA), ft 4 lb-i-’U ((xA), 
aw,), ri 4 fbt:tv'>A (NM,o,), ,%(k u •> 
bSm.O,), fftlb*' l''J ='A'- '■(bUl,). fi 4 fbvi=:^-A”o V 
•A. u.)y,0,) iU-'-bitb AIN « 
ttif, Cii'n(Oif< 
/i. 

ViX-hZzf/i'C,, icO|it.U'i'iiV4fbt^!)(-J; AIN 

!) -i^ck/j' ii \ l■-3;;lL 

ii'tflliiii 95?r/' L , 'jiSiii'o 25kg/inm' VX_\-. 


‘ > {ifihH Ji "C J'j 0 , y 'i ' 0 'I I; l:iiid',r's /b^Var iif^i.ijii b 

)1 A: llll.t CaCO, ■,f:-C'i.t Ca0-2A1,0,, CaO-M,0„ 
l’..•la), l’.a()-fiAl,()„ I!a0-Al,0, 

-in biUitj'iiilfUiftilii; Lxfr&.L/cr 
,'U i t- — I' .vf: ./i' V X 11 1 /y I’ . i'll I ) I ) t fi t) O X lib V . SrCO, 
■^‘'> 11 } f.iiiiilid; fb/i-l 5 ^ ■/b;/!' 5 n -c i-'yj/A, 
UH-|ifr-^>-:-.niAA-VM (lU.btdIII.!; L'CdlL/.:. Zh 
'■>d>i.rs/)ni'?)<'.)'')n i.t. k'-rn bHiS!i!'c-,ii;.b'annx i:’t 
AIN ;!•:!) " ■< rwlt 
i L-Cfri'il-b^r. Al,()„ SiO, //.y ,i ?. -f.~ I- 

■:r= 11 ■•■> '■/, ii 1 1.: kLzkk -b -f, t Wi W 

!j I) I : iJi (.|i i: o I - 1 

IX I'Xiifiizui ^ X Ii f'y--'Xj!;ifyiiiiik LX ain- 
SiO„ AIN- A1,0,„ AIN CaCO, i#JjlH,l; ^tl; 

-r i 3 .si$x?ii£L 


tO(iilSrd'= UTl '-6 . ID 2 11 C.-1CO3, naCO„ SrCO, /i- 

zhCliv^XliUmKcofhHffiWy 3.2 AIN- Sio, 



l*'ld* 2 . Nlii'tnsirurUtrcs of sinirrml.AIN with Owlf') alkali farili oxicjcs 
(sinloRnl at IktlO'C for ifOinin. in N,t t tpolishml and rU'lunli. 


Flexural strength (kg/mm*) 


K. Kl )MI;YA rt :il. (<i 


:::;i 89 [fi] imhi 


l-jS. IJ^;: AIN -I; 

sio, >y.!«“i i.i. .if, N^,s;fii;t.i|iii'.';AK, 

lo.wi A sii.k :A;.;;iiiii'.)tii^lw;iil; S2.3«i 

NJL'- c 20'i; lii. h bftlA.i^dll- L'. 

)!V -eioAiA'rJaW 

m'ii> Klwf-.-SiO^in-lnfeti 9k|J.m:»= lAfttTLfc. 

<i i: , a !i ;yiOiU';ii-i'>iivi;tltlii;i ‘'Fii-i 
AIN -i: AIN ;i: I) •■■■ r lifiMiA: I) , SiO; tii-JVi+lA 
ojbNnv ') :■■--! y<o;,U'i;AiiL , town, sio. 

;1- .'\1N ;i; I) ;r -Y 'y/j IrijA; ;!l -5 t, lA N' .<•>•.■/- . Zi^'> 
AiNI.-i.x !;'.■■■ yu 11 lli|ui:.iie,tL?',cA''j/i//', <T 

a > (sinlon) CO jllil>!U^;| t, I'll v !N1 n'K‘9 

M;0» AINAI-NJ y Y ■^‘il.lcO.'IUilcl;V.v'; L/;^ -tlcJ: 



Conlcnl (wt %) 

I’ip. 3. DcTisilios of siiilcrcd AIN with 
CaCOj, AI;Oj and Sid)j acldilivcs fsinicrcd 
ill ISOO’C for 30 min in Nj). 


A. ffl;lnj;',li AIN .lA) V f 'VM;,iuv'y;;l'l;|,:,h!|ML-C, 
I't-jlMVOV- li'afit a h o i, c/-) c- fe -V h. 

3.3 AIN A1;0, ;T; 

.\IN-AhO, AcOf4;i';l'i;l'|A;N3. Id I CdH'. i-Is Jjll L 
h AlAh l.t i -Al;0, crjfAff'Vc OOwiA , (l!l/A r>-AI,0, 
;j > o, iic A Srdfj .1 i ‘C'lb ■!> . zii:y .'\!N lAljiifLX'l.'tan U/c 
■Ii;rr. •.WlfLihtl'fiiieoi AIN , lO 

wico * •Cioililjii-C- ( lyiivi'iiitt.’ t AUO, icit t Ayf!0,f 
Xff!|01i;f-ca, MdillllJ: AIN, AIN Of 0 y -< 
t’r-/iM'Ch->hj’h, 'ccoOA AIN of.y y •< 
-/'n L , ^ t’r- 

Jfrljlli'f3fOU"]5.Ajf Lf;. !-Al,Oj iritiiatox t'-t- 'U 11:10 
(liJii.'.-t, limt L-Cco ;-AUO, //■'C-tO.t.f.acAOT-lir'j: 
< , y -n-i TfiM^ t't-A'^otH:,fi;flfi; i -:>Tfti:'CV' 
ozt aiK!-S:0>ii Ai; 1 dj y « A ■'"N 

X I; Y. -bill!!; 3.1 i;ri:z;jAj-, IlfN, TiO;, CrA. NiCO„ 
Ni -taiJIh-S <C t' » < o i'286 e.ii5 :6s 

i'-Ai/). (ota-r&pcx !) 1.0,02 A (;<;•■>; Si- 'Wx'fcofc. 

3.4 AIN-CaCO, 

AIN izMto CaCO, i.!f:ijiiom,'iYH'k*'l'i:l 3, M4|c 
>YSfbri-'A/j'‘, C.'<fJ/';riO CaCO, i.ls:/j|IX'f;(iitfcf:4f,V 
vc(l!li^rdi-FA bA-'A'6. t^.chh CaCO, IwtFd, CaO 
LXUhrl’fr 0..16wt3,' N'if£ir,liif;-)ilililJ;FI!,V»(rt 
it L , lallr’jilil'iM. vJ 3,“> ktt/i'iMi- :>>i<LAz. IS) 5 Ic AIN- 
CaC(.), 1 wift, x-li-im-Jj 

f!l;OS>-ii i/iinitV/;-’ fi'-'f;l:"Y^> tI/' CaCO, 'I'ctOlWlin it t 1'^ 
yii'ia1>/.l±J'.t;'|IUb U , fttlkfJi-rlll ftlOflj'ili'd & t o/i. 

lasiiXiiaMJJrlilotMllloifliftSr rcoia 

l.:.t Hit' CaCO, 1~5 wt,r« wiffiiliUT-IA i-'-HHt CaO- 



Fi(t. 4. I'lcxin-.'il Mr(.-n^;lli of sinlfiod 
AIN willi (.iat'O.,, Al,0, .iiid SiO, ad- 
dilivrs tsinlorcd at IHtXlXf for 30 min 
in N.) . 



I wlY CaOOi a wi.rfc CaCO, 




„ J!. -1 

..Iwtr',; (•;>(.(), 



town; (■.■,(■(), 


Kitr. 5. Microslrui-liM u.s of sitilurod AIN with Ca(Y), (sintered 
at 1H00"C for 30 min tn N,) *. (jtolislu’d and rochetd). 
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2A1,0, 

ff, C. -.vt'-.i CaCA c:a(.)-Al/J, 

lOwrA CaCO, ■,.f;;;jll !1 « lit; i-'U' 1 :iv'i IJH L /^ . /.ri; 

1 vvAv; CaCO, Wti.ir.'/.i Al.w C'a0-2A1,0> ■OfUllciJ'ii,!: 
(O Cai.)-6A1;0, flit AIN ri-: >J 2 
IDTl-t CaA-AlA 

t Ai-O, wi?.; y. .1-, CO KM r- (1, ai,o, t CaO- 
GAl./K Al,0, 7a-'-)2 T'CaO-G AljO, 

t CaO-2Al;0, A', 'li ;i AIA 65~78Avt5y T- l± 
CaO-2AIA, CnO-AUOAA^;lJ7<x-r^. 

ir.jISc/JitfilalA- IZibhilt^. AIN toil‘llf'7 * 

AtO, ;o";y), CaO-AljOj L'j Wf TiM 

AIN 

■frUtk Ca-T;L-i t— I' C c'.:A)v;JSI±;1: 
;ni .i: a -i i r /i- =: t - h Us 5r ft {f l d c: t 
3: ••£, (i </j -c- rt 6 . L fz CaO-6 Al A, CaO- 



0 5 .10 


CoCOs content (wt%) 

rig. 6. Cryslal jiliase fonncd hy sintering 
of the AIN- CnCOj system (sintered at 
ISOO’C for ?.0 min in Nj).' 



rig. 7. Pliase diagram of the system 

CaO-AIA- 


2AIA, CaO-AIA fli:ii-'d7t(,M7co:ltfi!Sls:Ilj:>r:J 
ii o (1:^155 1 Idift; it 
isoorc t ^ . ^-cofcjh, CiO'^x 

x-n AIN Ca-r /o 

L, |i'’ll'll-i('<fliri)cO sokition-reprecipitotion \Z,t 

mi)& flH-vooil'e#,'; /i-iilff I feint znz 

<7N(/:rt'eif!;tfif;£j,7i.:i.rtu^ AIN si.’iiinf.tcojyt 
^JcfLiltft2cA0H^.C tii'O 
3.5 

AIN tzi;>±miA^^^o^:Htii} (VA. I-aA, CcO.„ 
I’rO-:. NdA.SmA. GdA. GyA) 3:i.i?.,)jnLfc7rrc-lt, 

c. t A'X'^tz . 7'eCio 0 1-' 

i7ii 95Sf W±co|lli-K^;i'i;SrJicL, 



l’’ig. 8. Miei'o:;fnirfiire:i of sintered AIN with G rare earth o.eides 

(sinlereti at IHtJtt’t.. for .’tOmiii in Nh) : f|ioli:.hei| and I'lelual). 




K. KOMi'.YA rl nl. 04 


'Table 5. IJfccl of rare earll^ ionic radii 
on ilk' ]»iiasi's in ilie siniered sperinu’iis. of 
ll'.e s\>lcin AlN-5wl'\j rare earlb oxides 
(ISOO'C for ii'.in in N:). 



JVtL: ;;-c<.r. ta i n ir.rt' poiovsV. j • « 

•3 Fi-io'sivt! O) 

SnijOj (OiSJjnjfiT-li 52 kj^/n-im= 
EDS 

C n W;l: )j:i SVi >o 

s 5 J; O i: , c 

fil AIN i: cOtUKit li i y V /i' J Y-- I- 
(jli-r-S. CtO: AIN ;1‘ Y yV/. lY 

. Afc;f>i5Sl AI^O, 
t'-Ywi-flK, YA i.^.lJllirkiA'-C/liljXSit-CV'/c 
V ' . U- X t,-i )j£ Cl I ; t AIN tT /I'i ■]■■ - I' 1 1 1 A' 0 A- yj . 

Z<oy&Lt:. T/H t- HUM I.aAlO„ CcAlO, tcU 
'■ AI.O, = l •■ 1 0'< y'y. 'l A li'» r'l <o it-Ct 

'r^^A±X- h tz A'-, V:0, t lAA T-li Y..A1A., 
DjvAIAj ‘Oif—A- y I'!y7''^ i ■?•— IH/‘/l.;;;jc$kTv-' 
. \“tDy“<r)A X >--’iig.'ili;i'(i'D t:0.<JS~0.99A 'C 
S) 6 CO X |.v] C m CO ft yJ Sr f t tfzi,<o t isixA>. 

tTlAGd’Y I’r<\ Cc'* tXilfacoRt.-fJl-V'i^tSS: t<> 
XV'-aCCJX, *± ‘Jifv;it'‘3 -t AIA <Olt 1:1, 3:5, 

■AjiA\;ys-\z.'A--.h'l-]-i> z. 'c 

5^c^:> T Y- — h ;; (±, $ kx V' Av' t 

cOt)^v>cox-, ^ScNcMiiifCiiiUi: ,filLXfeV'A;f)S Xk 
Gai-'-rkit y l-i!'JI::J5v'ico^; j(E?j<^^Yfc. 

xco:f^'i'i;X'f!}GkAili/x/.c,:ix o v< X i,, yil-iftivljiif 
AIN fiivirSrf'f^x, :x, i{:o,f; icovex 't 

<Oj,'i!|t fft;f,'ificii7< 5 t|,c) t!flil()clll:fiAA Diliix XMA 

(n> sr&tf® 


4. f? 

AIN no fkcojjVIjll 

n mitV’) 2J, /SHtrj3, ;X(H'>|5, SrIiU'X 

imLfz. xHGI*:M:X YiraiJicjcH-o I- w--x 
S^YXi 'i. iJsJjiii'jiOJi'iiifry,- 5ui;t; .tL, —XiMi 
liiS: -2r A X 'crcOfitcoJEivV A l.ilHA. ivwt 

<|> ISOOA 30 .4> t LA. 

j:;Yii.Att?if|ccO ^ffiltwtllix.t oXi-SiiiUl^liiXcO 3 
y.’U— y’lxS>fJi$iL^. 

( 1 ) oiE:; (bSr EHEv -f- t CO ( Y;u- 7“ 1 ) : MgO, 
SiOj, MiiO,, Mg-->y Y — I- , Al--> y y — h. BN, 
Si,N„ SIC 

( 2 ) t, ;-fHt IX Hicj KS i: -'>■ X A i- ' i CO (^'/u-t* 
U)- A1A, TiO„ Cr-Os, XiA, NiCO„ Tie, ZA 
liN, ZrN, MfN, Ni 

( 3 ) VY; ft Sr ffS ii 1- ■S <> CO ( / ;u- 7'ra ) : T /l- * 
9±ylK0Htft (CaCA, ,BaCO„ SrCO,), ^.-fc.KfriSft 
Ty (VA, l-aA. CcO:, I’A, NcIA, Sir.A. GdA, 

By, Os) 

'CCO ■) t, ( 3 ) C^n r /P •/; y :J: iJilAItu: 

AIN Src/nfilkicricJ; -:3X;nX:l;SrfiL’T/y; t- 
- tEfcy/f^^lllSrSki/^feL, , xn/Ak^SrftSriJfJiitXJlSfS 
i¥;/fl;«ESVSri^)^!tt-oX 

lr;i'd*.#ifb//*)(?fliisti'ilxil2ISit5 x't Srjp Lte. - 
y;(l )cO/;u-7’iX-.y'iH^, Si ftfrEvJli AIN *'9 ? 
A y'co.t ■) A-Jr,UBl?::M;i;c6j)A-'ft^!-1J3arSl;i*L., taSTt 
SrIill'.'fLfc. 
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